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(54) VARIABLE CAM PHASE DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a variable cam 
phase device to regulate the phase of a cam throughout 
a wide range. 

SOLUTION: A vane member 12 is arranged in a 
containing member 7 fixed at a timing pulley 4 and 
coupled to a cam 3. A twist spring member 20 is 
disposed at the outer periphery of the containing 
member 7 and the vane member 12 is rotationally 
energized to the lag angle side. The cam 3 is rotated in 
an arbitrary direction together with the vane member 12 
by an oil pressure in a hydraulic chamber formed in the 
containing member 7. The twist spring member 20 is 
positioned at the outer periphery of the containing 
member 7 and has a large diameter and the sufficient 
number of windings, whereby the change of an energizing 
force is reduced and the rotation range of the vane 
member 12 is set to a wide range. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] it arranges on the same axial center in the hold member in which a rotation drive is 
carried out by the driving source, and said hold member — having — a cam and one — a hold 
member — receiving — relativity — with the vane member prepared rotatable It is formed in 
said hold member and said hold member is received in a vane member with internal oil pressure. 
The oil pressure room which can give turning effort in the direction of a tooth lead angle, or the 
direction of a lag, Make the shape of a spiral on the periphery of a hydraulic oil supply means to 
supply hydraulic oil to said oil pressure room, and one, in which a rotation drive is carried out by 
said driving source of members in the direction of an axial center, and it is arranged in it to it. 
Cam phase adjustable equipment characterized by having connected the other end with said hold 
member side while the end was connected with said vane member side, and equipping the turning 
effort and hard flow to said direction of a lag by said oil pressure room with the twist spring 
member which carries out rotation energization of the vane member. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the cam phase adjustable equipment which can 
adjust the timing of the device which is made to carry out the phase change of the cam, and is 
driven by the cam of operation. 
[0002] 

[Description of the Prior Art] The injection timing adjusting device which adjusts the injection 
timing of the fuel injection pump used for example, for a diesel type internal combustion engine 
as this conventional kind of cam phase adjustable equipment can be mentioned. Like the 
publication to JP.60-1 75738,A, with such an adjusting device, while arranging the input shaft of a 
fuel injection pump, and the really rotated vane rotor in housing by which a rotation drive is 
carried out with a crankshaft and energizing the vane rotor to a lag side with the compression 
coil spring of a pair, the energization force was resisted, the vane rotor was controlled by oil 
pressure to the toothHead-angle side, and desired injection timing has been obtained. And said 
compression coil spring is infixed between a vane rotor and the holddown member prepared in 
those both sides, and it consists of this adjusting device so that the energization force may be 
exerted on a vane rotor. 
[0003] 

[Problem(s) to be Solved by the Invention] However, with conventional injection timing 
equipment, since it was restricted between a vane rotor and a holddown member and the spring 
length of a compression coil spring was not fully able to secure, there was an inclination for the 
energization force to change suddenly with rotation of a vane rotor. Consequently, when the 
comparatively big spring constant was set up so that the amount of bending of a spring could 
carry out station keeping of the vane rotor in the smallest (the energization force is weak) 
maximum lag location, the energization force in the maximum tooth-lead-angle location became 
excessive, rotation of the vane rotor by oil pressure was barred, and there was fault that the 
rotation range of a vane rotor could not be set up widely inevitably. 

[0004] It replaces with a compression coil spring like JP.5-29601 1,A, and the proposal using the 
spiral spring which demonstrates the energization force stabilized more is also made there. 
Although the valve timing adjusting device which adjusts the closing motion timing of an internal 
combustion engine's inlet valve or an exhaust valve according to operational status is indicated 
by this official report, a spiral spring is arranged in the transverse plane of a timing pulley 
focusing on the axial center of a cam shaft, that main edge is hung on a vane rotor, a periphery 
edge is hung on a timing pulley, and the vane rotor is energized. 

[0005] However, as everyone knows, it was hard to manufacture a spiral spring in order to carry 
out winding shaping, changing curvature to radial gradually, and it had the fault that required 
strict quality control for obtaining a uniform spring constant, and a manufacturing cost soared. 
Moreover, the conductor spacing of a winding part will tend to change with the change in the 
amount of bending, it will be promoted with the centrifugal force at the time of high rotation, and 
a center of gravity will incline. Therefore, there was a possibility of generating an engine's bad 
condition, oscillating generating, etc. by the various evils by aggravation of rotation balance, for 
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example, friction increase of cam-shaft bearing, and printing or rotation fluctuation of a cam 
shaft. 

[0006] The purpose of this invention is to offer the cam phase adjustable equipment which can 
manufacture at cheap cost and can prevent the various evils by aggravation of rotation balance 
beforehand while being able to reach far and wide and adjust the phase of a cam. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in this 
invention, a cam and the vane member rotated by one are arranged in the hold member in which 
a rotation drive is carried out by the driving source. While twisting on one periphery of the 
members by which a rotation drive is carried out, such as this hold member, cam, etc., arranging 
a spring member and carrying out rotation energization of the vane member, the turning effort of 
hard flow is given to a vane member with the oil pressure of the oil pressure room formed in the 
hold member, and a cam is rotated with a vane member. And since a twist spring member is 
prepared in peripheries, such as a hold member and a cam, in this way and it has a certain 
amount of path, a uniform spring constant is further obtained from a twist spring member 
carrying out winding shaping in the direction of an axial center by a setup becoming it being large 
and possible about the rotation range of a vane member by change of the energization force 
becoming small, and there is no bias of the center of gravity accompanying bending. 
[0008] This invention can be suitably materialized as a valve timing adjusting device which 
adjusts the closing motion timing of an internal combustion engine's inlet valve or an exhaust 
valve. Namely, the hold member by which a rotation drive is carried out with an internal 
combustion engine's crankshaft according to this invention, it arranges on the same axial center 
in said hold member — having — the cam shaft for valve-opening close, and one — a hold 
member — receiving — relativity — with the vane member prepared rotatable It is formed in 
said hold member. With internal oil pressure The oil pressure room which can give turning effort 
to a vane member in the specific direction, Make the shape of a spiral on the periphery of a 
hydraulic oil supply means to supply hydraulic oil to said oil pressure room, and one by which a 
rotation drive is carried out with said crankshaft of members in the direction of an axial center, 
and it is arranged in it to it. While an end is connected with said vane member side, the other end 
is connected with said hold member side, and the valve timing adjusting device characterized by 
equipping the turning effort and hard flow by said oil pressure room with the twist spring member 
which carries out rotation energization of the vane member is offered. 
[0009] 

[Embodiment of the Invention] (The first example) The first example which materialized this 
invention hereafter to the valve timing adjusting device which adjusts the closing motion timing 
of an internal combustion engine's inlet valve is explained. As shown in drawing 1 and drawing 2 , 
it is supported by shaft orientations at migration impossible, and the closing motion drive of that 
the cam shaft 3 of the inspired air flow path as a cam is pivotable and the inlet valve which each 
gas column does not illustrate with rotation of a cam shaft 3 is carried out at the bearing 2 of an 
internal combustion engine's cylinder head 1. The front end of a cam shaft 3 is projected from 
the cylinder head 1 to the side, boss section 4a of the timing pulley 4 is inserted in rotatable, 
this timing pulley 4 is connected with the crankshaft which is not illustrated as a driving source 
through a timing belt 5, and a rotation drive is carried out in the direction of an arrow head of 
drawing 1 a core [ the axial center of a cam shaft 3 ]. Although illustration is not carried out, the 
timing pulley of an exhaust side is also connected with a timing belt 5, and the closing motion 
drive of the exhaust valve is carried out in the cam shaft of an exhaust side. In addition, oil seal 
6 was inserted in between boss section 4a of the timing pulley 4, and bearing 2, and the outflow 
of the oil from the cylinder head 1 to the exterior is prevented. 

[0010] The approximately cylindrical housing 7 as a hold member and the disc-like front cover 8 
are fixed to one side face of the timing pulley 4 with a bolt 9, the abbreviation cross-joint-like oil 
pressure room 10 centering on the axial center of a cam shaft 3 is formed in it to the interior, 
and an oiltight is held with O ring 1 1. In the oil pressure room 10, the vane rotor 12 as a vane 
member is arranged, and the core is positioned by the front end of a cam shaft 3 with a dowel 
pin 13, and is being fixed to it with the cam bolt 14. 
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[001 1] The vane rotor 12 is equipped with four vane 12a at intervals of 90 degrees, movable slide 
contact side 12b of the shape of radii which contacts fixed slide contact side 10a of the oil 
pressure room 10 is formed between each vane 12a, and oil seal 18 is formed at the tip of each 
vane 12a. The oil pressure room 10 is divided by these slide contact sides 10a and 12b four 
corresponding to each vane 12a, and lag oil pressure room 17a and tooth-lead-angle oil pressure 
room 17b as an oil pressure room are formed in each oil pressure room 10 of them at the both 
sides of vane 1 2a. 

[0012] And the maximum lag location which the vane rotor 12 makes the 1 side of each vane 12a 
contact the wall of the oil pressure room 10 at drawing 1 as a continuous line shows, and makes 
max the volume of lag oil pressure room 1 7a, Between the maximum tooth-lead-angle locations 
which a side besides each vane 12a is made to contact the wall of another side of the oil 
pressure room 10, and make max the volume of tooth-lead-angle oil pressure room 17b as an 
imaginary line shows, the axial center of a cam shaft 3 may be rotated as a core. Consequently, 
the phase of the cam shaft 3 to the timing pulley 4 changes, and the closing motion timing of an 
inlet valve is changed. In addition, since an exhaust side is not equipped with such a valve timing 
adjusting device, the closing motion timing of an exhaust valve is fixed. 

[0013] Annular seal section 12c which encloses head 14a of the cam bolt 14 is really formed in 
the vane rotor 12, and the seal section 12c is inserted in rotatable in Shilu 8a installed through 
the front cover 8, and is having the oiltight held by X ring 15. The spring covering 19 puts on a 
front cover 8 from the side, and while the core of the spring covering 19 is ******(ed) with said 
cam bolt 14 in the center of annular seal section 12c of the vane rotor 12, rotation is regulated 
in 12d of positioning projected parts formed in annular seal section 12c. 

[0014] The spring covering 19 makes the shape of a closed-end cylinder, conceals a front cover 
8 and housing 7 from the exterior, and twists them between the inner circumference of the 
spring covering 19, and the periphery of housing 7, and the twist coiled spring 20 as a spring 
member is arranged. The twist coiled spring 20 is spirally wound in the direction of an axial 
center of a cam shaft 3 with the diameter of the same, and its axial center of this twist coiled 
spring 20, housing 7, and the spring covering 19 corresponds with the axial center of a cam shaft 
3. End 20a of the twist coiled spring 20 is hung in hanging slot 19a of the spring covering 19, a 
stop is carried out, other end 20b is hung in hanging hole 4b of said timing pulley 4, a stop is 
carried out, and the vane rotor 12 is energized by the energization force with the spring covering 
19 at the maximum lag location side always shown in drawing 1 as a continuous line. 
[0015] In addition, although the twist coiled spring 20 has the property to change an outer 
diameter a little in connection with bending Even when the amount of bending twists by min and 
coiled spring 20 expands the diameter most in this example The minute spacing delta 1 is 
secured between the inner circumference of the spring covering 19, and even when it bends 
conversely, an amount twists at the maximum and coiled spring 20 reduces the diameter most, 
the bore of the spring covering 19 and the outer diameter of housing 7 are set up so that the 
minute spacing delta 2 may be secured between the peripheries of housing 7. 
[0016] On the other hand, the balance adjustment hole 21 is formed in the 1 side of the spring 
covering 19, and balance adjustment is performed by this balance adjustment hole 21 in the 
state of the assembly before attachment by the condition 1 which connected the valve timing 
adjusting device with the cam shaft 3 with the cam bolt 14, i.e., the cylinder head. As shown in 
drawing 1 and drawing 3 , four tooth-lead-angle installation oilways 23 an end carries out [ the 
oilways ] opening to the vane rotor 12 into tooth-lead-angle oil pressure room 17b, respectively 
are formed, and opening of the other end of each tooth-lead-angle installation oilway 23 is 
carried out into the application oil groove 27 formed in the periphery perimeter of a cam shaft 3 
through the first oilway 25 and the second oilway 26, and it is always open for free passage 
[ other end ] irrespective of angle of rotation of a cam shaft 3 to the tooth-lead-angle supply 
oilway 28 formed at said bearing 2. 

[0017] Similarly four lag installation oilways 29 an end carries out [ the oilways ] opening to the 
vane rotor 12 into lag oil pressure room 17a, respectively are formed, and through the third 
oilway 30 and the fourth oilway 31, opening of the other end of each lag installation oilway 29 is 
carried out into the application oil groove 32 of a cam shaft 3, and it is always open for free 
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passage [ other end ] irrespective of angle of rotation of a cam shaft 3 to the lag supply oilway 
33 formed at bearing 2. 

[0018] As shown in drawing 3 , the feeding way 36 which feeds the hydraulic oil in an oil tank 34 
by the oil pump 35, and the exhaust passage 37 which discharges hydraulic oil in an oil tank 34 
are connected through a change-over valve 38, and each supply oilways 28 and 33 are 
intercepted the feeding way 36 and exhaust passage 37, and by turns for a free passage or both 
sides by the tooth-lead-angle supply oilway 28 and the lag supply oilway 33 according to 
change-over actuation of a change-over valve 38. The hydraulic oil supply means is constituted 
from this example by the oil pump 35 and the change-over valve 38. 

[0019] Next, the actuation situation of the valve timing adjusting device of this example is 
explained. The vane rotor 12 at the time of a halt of an internal combustion engine is held in the 
maximum lag location shown in drawing 1 as a continuous line by the energization force of the 
twist coiled spring 20. On the occasion of engine starting, a change-over valve 38 is switched to 
the location shown in drawing 3 , the hydraulic oil from an oil pump 35 is introduced in lag oil 
pressure room 17a through the lag supply oilway 33, the fourth oilway 31, the third oilway 30, and 
the lag installation oilway 29, and the oil pressure acts in the energization force and this 
direction of the twist coiled spring 20. In addition, in order that the oil pressure of the oil pump 
35 driven with a crankshaft may not go up immediately, the twist coiled spring 20 achieves 
chiefly the operation which holds the vane rotor 12 in the maximum lag location. 
[0020] The change-over valve 38 after the completion of starting is controlled based on an 
engine rotational frequency, a load, etc., and the closing motion timing of an inlet valve is 
adjusted according to an engine's operational status. For example, a change-over valve 38 is 
switched to a reverse location with drawing 3 that a valve overlap should be increased at the 
time of a high rotation heavy load, and hydraulic oil is introduced in tooth-lead-angle oil pressure 
room 17b through the tooth-lead-angle supply oilway 28, the second oilway 26, the first oilway 
25, and the tooth-lead-angle installation oilway 23. The vane rotor 1 2 resists the energization 
force of the twist coiled spring 20 with the oil pressure, and it rotates to a tooth-lead-angle side, 
when a predetermined location is arrived at, a change-over valve 38 is switched to neutrality, 
and the location of the vane rotor 1 2 is held. 

[0021] By the way, since the forward and negative torque fluctuation at the time of opening and 
closing an inlet valve is transmitted to the vane rotor 12 through a cam shaft 3 as everyone 
knows, it is necessary to set up a to some extent big value so that torque fluctuation may be 
resisted and the station keeping of the vane rotor 12 can be carried out as a spring constant of 
the twist coiled spring 20 also in the maximum lag location where the amount of bending is the 
smallest (the energization force is weak). Here, in this example, since it twists, coiled spring 20 is 
formed in the periphery of housing 7 and a path has sufficient number of turns greatly enough, 
change of the energization force of the twist coiled spring 20 accompanying rotation of the vane 
rotor 12 is very small. 

[0022] That is, since the energization force is controlled by the small value without a possibility 
of barring rotation of the vane rotor 12 by oil pressure, if it puts in another way, it can set up the 
rotation range of the vane rotor 12, and the large range which fully filled the demand on an 
engine design as an adjustable range of the closing motion timing of an inlet valve also in the 
maximum tooth-lead-angle location where the amount of bending of a spring 20 is the largest 
(the energization force is strong). And since it twists also in the maximum tooth-lead-angle 
location and the energization force of coiled spring 20 does not increase so much, the rotation 
control of the vane rotor 12 can be carried out by high responsibility. Consequently, more 
suitable timing control can be realized and an internal combustion engine's engine performance 
can be raised by leaps and bounds. 

[0023] In addition, since it twists also in the maximum tooth-lead-angle location and the 
energization force of coiled spring 20 is controlled by the small value, it can design upwards, 
without minding especially wear of hanging hole 4b which hangs the both ends, or hanging slot 
19a, the timing pulley 4, the reinforcement of the spring covering 19, etc., these members can be 
lightweight-ized, and an internal combustion engine's responsibility can be raised. On the other 
hand, it twists as everyone knows, and in order that coiled spring 20 may maintain the same 
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curvature and may carry out winding shaping in the direction of an axial center (longitudinal 
direction of drawing 2 ) t a uniform spring constant is obtained that it is very easy to 
manufacture, without requiring strict quality control especially. Therefore, it can twist at cheap 
cost, and coiled spring 20 can be manufactured, as a result the manufacturing cost of the whole 
adjusting device can be reduced. 

[0024] Furthermore, although the twist coiled spring 20 changes a path a little in connection with 
bending as mentioned above, it is always located in the equal distance from the axial center of 
the cam shaft 3 any part of whose of the winding part is the center of rotation. Therefore, even 
if it receives the centrifugal force at the time of high rotation, an engine's bad condition, 
oscillating generating, etc. by the friction increase and printing when a winding part bending in 
radial (direction which intersects perpendicularly with the axial center of a cam shaft 3), a center 
of gravity not inclining, and an unbalanced load joining bearing 2 with the various evils by 
aggravation of rotation balance, for example, rotation of a cam shaft 3, or rotation fluctuation of 
a cam shaft 3 can be prevented beforehand. 

[0025] In addition, there is no possibility of 20 twist coiled spring of producing the unexpected 
variation rate of being crooked like a compression coil spring at the time of compression, it is 
caused with such a variation rate, and also it can prevent troubles, such as wear by contact to a 
member, and a malfunction by connection. Furthermore, since the inner circumference of the 
spring covering 19 is located in the periphery side of the twist coiled spring 20 as mentioned 
above and the periphery of housing .7 is located in an inner circumference side, even if it is the 
case where the winding part of the twist coiled spring 20 is bent by the centrifugal force in radial, 
bending is regulated by a certain factor by these members 19 and 7, and the bias of a center of 
gravity is controlled to the minimum. Since scattering of the fragment into an engine room is 
moreover prevented by the spring covering 19 even when the twist coiled spring 20 should break, 
secondary troubles, such as an engine halt caused with a fragment, are beforehand avoidable. 
[0026] (The second example) Next, the second example which materialized this invention to 
another valve timing adjusting device is explained. In addition, the attachment structure of the 
twist coiled spring 102 has the difference with the first above mentioned example. Therefore, a 
common configuration attaches the same number, omits explanation, and explains difference 
preponderantly. 

[0027] As shown in drawin g 4 , the spring hold room 101 blockaded with oil seal 6 is formed in 
the bearing 2 of the cylinder head 1, and the twist coiled spring 102 as a twist spring member 
spirally wound in the direction of an axial center of a cam shaft 3 with the diameter of the same 
is arranged in the spring hold room 101. End 102a of the twist coiled spring 102 is hung in the 
hanging slot 103 formed in boss section 4a of the timing pulley 4, a stop is carried out, other end 
102b is hung in the hanging slot 104 formed in the periphery of a cam shaft 3, a stop is carried 
out, and the cam shaft 3 is energized by the energization force of this twist coiled spring 102 
with the vane rotor 1 2 at the maximum lag location side. 

[0028] Although not carried out for details, an oilway 106 is installed by the cam bolt 105, the 
hydraulic oil from the pump which is not illustrated through this oilway 106 grade is supplied like 
said first example in lag oil pressure room 17a or tooth-lead-angle oil pressure room 17b, and 
rotation control of the vane rotor 12 is carried out at a lag or tooth-lead-angle side. And since it 
twisted to rotation energization of the vane rotor 12 in this way and coiled spring 102 is used, in 
this example, the same various operation effectiveness as the first example can be acquired. 
[0029] By the way, although the vane rotor 12 was rotated to the tooth-lead-angle and lag side 
in the first example of the above, and the second example with the oil pressure of lag oil 
pressure room 17a and tooth-lead-angle oil pressure room 17b Like JP,60-1 75738,A which the 
oil pressure of lag oil pressure room 1 7a did not need to be made to not necessarily act, for 
example, was explained with the conventional technique, you may constitute so that rotation by 
the side of the lag of the vane rotor 12 may be performed only by the energization force of the 
twist coiled spring 20,102. 

[0030] Moreover, in the first example of the above, and the second example, although the twist 
coiled spring 20,102 was wound in the whole die-length direction with the diameter of the same, 
it is not necessary to necessarily make the whole into the diameter of the same for example, and 
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the path of the twist coiled spring 20,102 may be changed in the die-length direction a little 
according to the periphery configuration of the housing 7 of the first example, the periphery 
configuration of the cam shaft 3 of the second example, etc. 

[0031] furthermore, although twisted, coiled spring 20 was formed in the periphery of housing 7, 
it twisted in the second example and coiled spring 102 was formed in the periphery of a cam 
shaft 3 in the first example of the above, the installation location should just be the periphery of 
the member by which can change into versatility according to the member layout of the timing 
pulley 4 circumference, and a rotation drive is carried out with a crankshaft with the timing pulley 
4 in short. 

[0032] Moreover, although spacing delta 1 and delta 2 was formed between the periphery of the 
twist coiled spring 20 and housing 7, and the inner circumference of the spring covering 19, it is 
not necessary to make each part material 20, 7, and 19 always not necessarily estrange, and you 
may make it contact mutually in the first example of the above. On the other hand, although 
shape was taken in the first example of the above, and the second example to the valve timing 
adjusting device which adjusts the closing motion timing of an inlet valve, this invention is not 
limited to this and may be materialized as a valve timing adjusting device which replaces with an 
inlet valve and adjusts both the closing motion timing of an exhaust valve, and the closing motion 
timing of an induction-exhaust valve. Furthermore, shape may be taken to the injection timing 
adjusting device which was explained for example, with the conventional techniques other than a 
valve timing adjusting device and which adjusts a diesel type internal combustion engine's fuel- 
iruection timing like JP,60-175738,A. The timing adjusting device in this case will be formed in 
the input shaft of a fuel injection pump, and the phase of the cam connected with that input 
shaft will be adjusted according to an engine's operational status. 
[0033] 

[Effect of the Invention] Since change of the energization force is carrying out rotation 
energization of the vane member in the small twist spring member according to the cam phase 
adjustable equipment of this invention as explained above, the rotation range can be set up 
widely and the phase of a cam can be adjusted broadly. Moreover, since a twist spring member 
can reduce a manufacturing cost since a uniform spring constant is obtained easily, and it does 
not have the bias of the center of gravity accompanying bending, the various evils by aggravation 
of rotation balance can be prevented beforehand. 
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